UNITED STATES PATENT APPLICATION 



OF 

Chang Hun HAN 
For 

METHOD OF MANUFACTURING SONOS FLASH MEMORY DEVICE 



METHOD OF MANUFACTURING SONOS FLASH MEMORY DEVICE 
BACKGROUND OF THE INVENTION 



FieJLd of the Invention 

[01] The present invention relates to a method of 
manufacturing a non-volatile memory device and, more particularly, 
to a method of manufacturing a silicon-oxide-nitride-oxide- 
semiconductor (SONOS) flash memory device. 
Background of the Related Art 

[02] With the development of high-capacity memory devices, 
non-volatile memory devices are being increasingly important. An 
example of the non-volatile memory device is a flash memory 
device. A conventional flash memory device is a single type in 
which a gate structure is formed in a single cell. As shown in 
Fig. 1, the conventional flash memory device can indicate two 
states, i.e., state "1" and state "0" . 

[03] However, the single type flash memory device cannot 
satisfy requirements for high-integration although it is a good 
device in itself. Thus, a multi bit cell, which has at least two 
gate structures in a single cell, has been developed. In addition, 
to embody the multi bit cell, a silicon-oxide-nitride-oxide- 
semiconductor (SONOS) structure has been proposed. 



1 



[04] A flash memory device employing the SONOS structure is 
a kind of transistor and comprises an oxide-nitride-oxide (ONO) 
layer, as a non-volatile insulating material, formed on a 
substrate, a silicon gate formed on the ONO layer, and a 
source/drain region formed at both sides of the gate. As shown in 
Fig. 2, the SONOS flash memory device can control turn-on current 
capacity of a transistor, based on where electrons are injected, 
and, as shown in Fig. 3, indicate four states, i.e., state "11", 
state "10", state "01", and state "00". Therefore, the SONOS 
flash memory device can satisfy more or less the most recent 
requirement for high-integration. 

[05] A conventional SONOS flash memory device is described 
in detail. Fig. 4 illustrates, in a top view, a cell array of a 
conventional SONOS flash memory device. Fig. 5 is a cross- 
sectional view of Fig. 4 taken along the line A-A' and Fig. 6 is 
a cross-sectional view of Fig. 4 taken along the line B-B' . In 
Figs. 4 through 6, "40" is a semiconductor substrate, "42" is a 
device isolation layer, "43" and "45" are oxide layers, "44" is a 
nitride layer, and "46" is a gate. As shown in Figs. 4 through 6, 
a cell has a symmetrical structure and a source region and a 
drain region are respectively placed at both sides of the gate. 

[06] The SONOS flash memory device, like general non- 
volatile memory devices, provides three operations, that is, read, 
program, and erase. In program operation, if an appropriate 



program voltage is applied to the flash memory device, hot 
electrons are generated and captured by tunneling in a tunnel 
nitride layer adjacent to a drain. Therefore, a threshold voltage 
of a transistor increases and data programming is performed. In 
erase operation, if an appropriate erase voltage is applied to 
the flash memory device while a gate, a source, and a drain are 
open, the hot electrons captured in the tunnel nitride layer are 
forced out from the substrate. Therefore, a threshold voltage of 
the transistor is lowered and data erasing is performed. In read 
operation, if an appropriate read voltage is applied to the flash 
memory device, data reading is performed when a sensing circuit 
senses an electric current flowing between the source and the 
drain. 

[07] However, in the conventional SONOS flash memory device, 
the nitride layer cannot completely prevent the electrons from 
traveling therein although the nitride layer is an insulator, 
thereby causing cell malfunction because electrons captured in 
one side of the tunnel nitride layer travel to another side. 
Accordingly, the conventional SONOS flash memory device cannot 
ensure device characteristics and reliability because of the 
electron movement in the tunnel nitride layer. 
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SUMMARY OF THE INVENTION 

[08] Accordingly, the present invention is directed to a 
method of manufacturing a SONOS flash memory device that 
substantially obviates one or more problems due to limitations 
and. disadvantages of the related art. 

[09] An object of the present invention is to provide a 
method of manufacturing a SONOS flash memory device that can 
prevent electrons captured in a tunnel nitride layer from 
traveling therein . 

[10] Another object of the present invention is to provide 
a method of manufacturing a SONOS flash memory device that can 
ensure device characteristics and reliability by preventing 
movement of electrons captured. 

[11] Additional advantages, objects, and features of the 
invention will be set forth in part in the description which 
follows and in part will become apparent to those having ordinary 
skill in the art upon examination of the following or may be 
learned from practice of the invention. The objectives and other 
advantages of the invention may be realized and attained by the 
structure particularly pointed out in the written description and 
claims hereof as well as the appended drawings. 

[12] To achieve these objects and other advantages and in 
accordance with the purpose of the invention, as embodied and 
broadly described herein, the present invention provides a method 
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of manufacturing a SONOS flash memory device comprising the steps 

forming a lower oxide layer, a tunnel nitride layer, a 
sacrificial oxide layer, and an insulating layer for a 
hard mask in sequence on a semiconductor substrate 
having device isolation layers; 

removing a portion of the insulating layer for a hard mask 
by an etching process to expose a portion of the 
sacrificial oxide layer; 

forming spacers on sidewalls of the insulating layer 
etched; 

removing some part of the sacrificial oxide layer and the 

tunnel nitride layer by an etching process using the 

insulating layer and the spacers as a mask to expose a 

portion of the lower oxide layer; 
removing the insulating layer, the spacers, and the 

sacrificial oxide layer; 
removing a portion of the lower oxide layer by an etching 

process using the tunnel nitride layer etched as a mask 

to expose a portion of the substrate; 
depositing an upper oxide layer and a polysilicon layer in 

sequence over the resulting structure; and 
forming a gate having two separate tunnel nitride layer 

parts by removing some parts of the polysilicon layer, 
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the upper oxide layer, and the tunnel nitride layer in 
sequence by an etching process. 

[13] Here, the insulating layer for a hard mask is oxide or 
nitride formed using tetraethyl orthosilicate (TEOS) as a source. 
The. spacers are oxide or nitride formed using TEOS as a source. A 
space between the two spacers is preferably between 0.020 //m and 
0.5 //m. A space between the two separate tunnel nitride layer 
parts can be adjusted with the space between the two spacers. 

[14] By separating the tunnel nitride layer, the present 
invention can obviate device malfunction and, therefore, secure 
device characteristics and reliability. 

[15] It is to be understood that both the foregoing general 
description and the following detailed description of the present 
invention are exemplary and explanatory and are intended to 
provide further explanation of the invention as claimed. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[16] The accompanying drawings, which are included to 
provide a further understanding of the invention and are 
incorporated in and constitute a part of this application, 
illustrate embodiment (s) of the invention and together with the 
description serve to explain the principle of the invention. In 
the drawings; 
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[17] Fig. 1 is a graph illustrating states indicated by a 
conventional single type flash memory device; 

[18] Fig. 2 is a device structure chart describing states 
indicated by a conventional SONOS flash memory device; 

. [19] Fig. 3 is a graph illustrating states indicated by the 
conventional SONOS flash memory device; 

[20] Fig. 4 illustrates, in a top view, a cell array of a 
conventional SONOS flash memory device; 

[21] Fig. 5 is a cross-sectional view of Fig. 4 taken along 
the line A- A' ; 

[22] Fig. 6 is a cross-sectional view of Fig. 4 taken along 
the line B-B' ; and 

[23] Figs. 7a through 7f illustrate, in cross-sectional 
views, the process steps for manufacturing a SONOS flash memory 
device according to the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 
[24] Reference will now be made in detail to the preferred 
embodiments of the present invention, examples of which are 
illustrated in the accompanying drawings. 

[25] Referring to Fig. 7a, a lower oxide layer 71, a tunnel 
nitride layer 72, and a sacrificial oxide layer 73 are formed in 
sequence on a substrate 70 having device isolation layers (not 
shown) . An insulating layer 74 for a hard mask is deposited on 



the sacrificial layer 73. The insulating layer 74 for a hard mask 
is preferably oxide or nitride formed using TEOS (tetraethyl 
orthosilicate) as a source. 

[26] Then, a first photoresist pattern 75 is formed on the 
insulating layer 74. A region for a dual bit cell is exposed by 
the first photoresist pattern 75. A dry-etching process is 
performed using the first photoresist pattern 75 as a mask to 
remove a portion of the insulating layer 74 for a hard mask. As a 
result, a portion of the sacrificial oxide layer 73 is exposed. 
The first photoresist pattern 75 is removed. 

[27] Referring to Fig. 7b, a first insulating layer is 
deposited on the resulting structure. Then, an etch-back process 
is performed to form spacers 76 on sidewalls of the insulating 
layer 74 for a hard mask. The first insulating layer is 
preferably formed of oxide or nitride using TEOS as a source. The 
spacers 76 are employed to define smaller area than a minimum 
area definable by a lithography process. 

[28] Then, some part of the sacrificial oxide layer 73 and 
the tunnel nitride layer 72 are removed through an etching 
process using the insulating layer 74 and the spacers 76 as a 
mask. As a result, a portion of the lower oxide layer 71 is 
exposed and the tunnel nitride layer 72 is separated into two 
parts. Here, a space between the two parts of the tunnel nitride 
layer 72, which is defined by the spacers 76, is preferably 
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between 0.020 pm and 0.5 [m\. Therefore, a space between the 
spacers is preferably between 0.020 im\ and 0.5 jt/m. 

[29] Referring to Fig. 7c, the spacers 76 and the 
insulating layer 74 for a hard mask are removed by etching. 

. [30] Referring to Fig. 7d, the sacrificial oxide layer 73 
is removed by etching. A portion of the lower oxide layer 71 is 
removed through an etching process using the tunnel nitride layer 
72 etched as a mask to expose a portion of the substrate 70. Then, 
an upper oxide layer 77 is deposited over the tunnel nitride 
layer 72 and the substrate 70 exposed and a polysilicon layer 78 
is deposited over the upper oxide layer 77. 

[31] Referring to Fig. 7e, a second photoresist pattern 79 
is formed over the polysilicon layer 78. Some parts of the 
polysilicon layer 78, the upper oxide layer 77, and the tunnel 
nitride layer 72 are removed through an etching process using the 
second photoresist pattern 79 as a mask to form a gate 80. 

[32] Referring to Fig. 7f, the second photoresist pattern 
79 is removed and a source/drain ion implantation process is 
performed to form a source/drain region in the substrate. As a 
result, a SONOS flash memory cell having two separate tunnel 
nitride layer parts is formed. 

[33] Accordingly, the present invention can completely 
prevent movement of electrons captured in the tunnel nitride 
layer by separating the tunnel nitride layer into two parts and, 
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therefore, obviate device malfunction. The present invention can 
freely adjust a space between the two tunnel nitride layer parts, 
thereby reducing cell size. In addition, by separating the tunnel 
nitride layer into two parts, the present invention can embody a 
SONOS flash memory device comprising 4 memory cells electrically 
with the same physical cell size as that of the conventional 
flash memory. 

[34] The foregoing embodiments are merely exemplary and are 
not to be construed as limiting the present invention. The 
present teachings can be readily applied to other types of 
apparatuses. The description of the present invention is intended 
to be illustrative, and not to limit the scope of the claims. 
Many alternatives, modifications, and variations will be apparent 
to those skilled in the art. 
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